



University of Technology, Sydney 
Faculty of Engineering and IT 
School of Computing and Communications 
 
 
Modelling and Development of 
Wireless Inertial Measurement Units 
By 
Yu, Zhengyu 
Supervisor: Zenon Chaczko 
Course Code: C03017 
February 2014 
 










I certify that the work in this thesis has not previously been submitted for a degree nor has it been 
submitted as part of requirements for a degree except as fully acknowledged within the text. 
I also certify that the thesis has been written by me. Any help that I have received in my research 
work and the preparation of the thesis itself has been acknowledged. In addition, I certify that all 


















Firstly, I would like to express my sincere gratitude to my supervisor, Dr Zenon Chaczko, 
who has supported me in this work for the past 4 years. Zenon, you have been more than 
a supervisor to me during that time. In particular, you have been with me every step of 
the way throughout this research and have supported me during every stressful moment 
that I experienced. I greatly appreciate your clear guidance and feedback. 
 
Secondly, I would like to thank my parents; You have been taking care of me for the whole 
life. Every time when I am stressful, you help me to deal with the pressure. During my 
study life, you encourage me a lot to achieve a higher academic result. I love you. 
Also, I would like to thank my dear friends, Jiajia Shi and Andy Wei, for sharing their 
knowledge and lab equipment. Accept my best wish for your research projects and 
academic publications. 
 
I am very thankful to UTS staff, who has supported my research work for the past 4 
years. To Dr Xiaoying Kong, Prof Robin Braun, and A/Prof Sandrasegaran Kumbesan, 
thank you so much for delivering research seminars and presentations in the past two 
years. I have learned the most up-to-date technology, concepts and research information 
in these presentations. 
 
Last but not least, I would like to thank to my family and friends, who have always been 
there for me, providing support and encouraging me. I could not have got this far today 






TABLE OF CONTENTS 
 
TABLE OF CONTENTS ............................................................................................................................. IV 
LIST OF TABLES ...................................................................................................................................... VII 
LIST OF FIGURES.................................................................................................................................... VIII 
ABSTRACT ....................................................................................................................................................... XI 
CHAPTER 1 .................................................................................................................................................. 1 
INTRODUCTION ........................................................................................................................................ 1 
1.1 THESIS SCOPE ............................................................................................................................................ 2 
1.2 HYPOTHESIS .............................................................................................................................................. 3 
1.3 THESIS CONTRIBUTIONS............................................................................................................................... 4 
1.4 THESIS STRUCTURE ..................................................................................................................................... 5 
CHAPTER 2 .................................................................................................................................................. 7 
LITERATURE REVIEW.............................................................................................................................. 7 
2.1 INERTIAL MEASUREMENT UNIT TECHNIQUES REVIEW........................................................................................ 7 
2.1.1 Inertial navigation systems ............................................................................................................... 7 
2.1.2 MEMS accelerometer technology ..................................................................................................... 8 
2.1.3 Implementation of inertial sensors ................................................................................................. 12 
2.1.4 Bluetooth technology ...................................................................................................................... 14 
2.2 ACCELEROMETER ERROR MODEL REVIEW ..................................................................................................... 15 
2.2.1 Accelerometer sensor errors ........................................................................................................... 15 
2.2.2 A new approach to the integration of accelerometer data ............................................................ 19 
2.2.3 Error reduction for an inertial-sensor-based dynamic parallel kinematic machine positioning 
system.. ........................................................................................................................................................ 20 
2.2.4 System errors development ............................................................................................................ 21 
2.2.5 Real-time navigation accuracy ....................................................................................................... 22 
2.2.6 High reliability improvement .......................................................................................................... 23 
2.2.7 Navigation instrument errors ......................................................................................................... 23 
2.3 ACCELEROMETER CALIBRATION AND ALIGNMENT TECHNIQUES ......................................................................... 24 
2.3.1 Inertial Navigation System Calibration ........................................................................................... 24 
 V 
 
2.3.2 Inertial Navigation System Alignment ............................................................................................ 29 
CHAPTER 3 ................................................................................................................................................ 32 
MODELLING OF WIRELESS ACCELEROMETER COMMUNICATION....................................... 32 
3.1 HARDWARE CONFIGURATION DESIGN .......................................................................................................... 32 
3.2 IMPLEMENTATION OF WIRELESS ACCELEROMETER COMMUNICATION ................................................................. 34 
3.2.1 Inertial measurement unit specification ......................................................................................... 34 
3.2.2 Cables (communication and power) ............................................................................................... 36 
3.2.3 Bluetooth Adapter Specification ..................................................................................................... 37 
3.2.4 Flexible Connection Modes of Bluetooth ........................................................................................ 38 
3.3 SUMMARY .............................................................................................................................................. 39 
CHAPTER 4 ................................................................................................................................................ 40 
WIRELESS ACCELEROMETER UNIT ERROR MODELLING ......................................................... 40 
4.1 EXPERIMENTAL METHOD ........................................................................................................................... 41 
4.1.1 Inertial Testing and Compensation ................................................................................................. 42 
4.1.2 Compass calibration process ........................................................................................................... 43 
4.1.3 Calibration of Soft Iron .................................................................................................................... 45 
4.2 ERROR MODEL ........................................................................................................................................ 45 
4.2.1 Linear error model .......................................................................................................................... 46 
4.2.2 Nonlinear Error Modelling .............................................................................................................. 72 
4.3 EVOLUTION OF ERRORS ESTIMATE ............................................................................................................... 84 
4.4 SUMMARY ............................................................................................................................................ 100 
CHAPTER 5 .............................................................................................................................................. 101 
EXPERIMENTAL RESULTS IN A LOW COST GYRO-FREE INERTIAL NAVIGATION SYSTEM
 .................................................................................................................................................................... 101 
5.1 LOW COST GYRO-FREE INERTIAL NAVIGATION SYSTEM.................................................................................. 101 
5.2  EXPERIMENT PROCEDURES ....................................................................................................................... 102 
5.3 ANALYSIS OF EXPERIMENTAL RESULTS ........................................................................................................ 103 
CHAPTER 6 .............................................................................................................................................. 107 
CONCLUSIONS ....................................................................................................................................... 107 
6.1 INTRODUCTION ...................................................................................................................................... 107 
6.2 CONTRIBUTIONS .................................................................................................................................... 107 
 VI 
 
6.2.1 Publication ........................................................................................................................................ 108 
6.3 FUTURE RESEARCH ................................................................................................................................. 109 
6.4 CONCLUDING REMARKS........................................................................................................................... 109 
6.5 BIBLIOGRAPHY ....................................................................................................................................... 111 




















LIST OF TABLES 
 
Table 2-1: Typical performance of the accelerometer error factors .................................................... 18 
Table 3-1: Descriptions of IMU (Ocearserver 2011) ............................................................................. 35 
Table 3-2: Features of IMU (Ocearserver 2011) ................................................................................... 36 
Table 3-3: Descriptions of cables (Oceanserver 2011) ......................................................................... 37 
Table 3-4: Specifications of Bluetooth (Oceanserver 2011) ................................................................. 38 
Table 4-1: Position 1 linear model results for Ax, Ay and Az in both wireless mode and cable mode . 53 
Table 4-2: Position 2 linear model results for Ax, Ay and Az in both wireless mode and cable mode . 57 
Table 4-3: Position 3 linear model results for Ax, Ay and Az in both wireless mode and cable mode . 60 
Table 4-4: Position 4 linear model results for Ax, Ay and Az in both wireless mode and cable mode . 64 
Table 4-5: Position 5 linear model results for Ax, Ay and Az in both wireless mode and cable mode . 67 
Table 4-6: Position 6 linear model results for Ax, Ay and Az in both wireless mode and cable mode . 71 
Table 4-7: Error coefficients of linear model in wireless mode ............................................................ 97 
Table 4-8: Error coefficients of linear model in cable mode................................................................. 98 
Table 4-9: Error coefficients of nonlinear model in wireless mode ...................................................... 99 








LIST OF FIGURES 
 
Figure 2-1: Errors of Bias ....................................................................................................................... 16 
Figure 2-2: Errors of Scale Factor .......................................................................................................... 17 
Figure 3-1: Functional Block Diagram of hardware configuration ........................................................ 33 
Figure 3-2: Ocean Server Inertial Measurement Unit, OS 5000 Series (Oceanserver 2001) ................ 34 
Figure 3-3: Prototype of wireless accelerometer unit .......................................................................... 35 
Figure 3-4: Cables implemented in the experiments (Oceanserver 2011) ........................................... 37 
Figure 3-5: Bluetooth adapter (Rovingnetworks 2011) ........................................................................ 38 
Figure 4-1: Inertial Measurement Unit (Oceanserver 2011) ................................................................ 41 
Figure 4-2:  6-positions testing ............................................................................................................. 47 
Figure 4-3: Position 1 system position .................................................................................................. 51 
Figure 4-4: Accelerations of wireless and cable in linear model .......................................................... 52 
Figure 4-5: Position 1 Estimated accelerations of wireless and cable in linear model ......................... 52 
Figure 4-6: Position 2 system position .................................................................................................. 54 
Figure 4-7: Position 2 Accelerations of wireless and cable in linear model.......................................... 55 
Figure 4-8: Position 2 Estimated accelerations of wireless and cable in linear model ......................... 56 
Figure 4-9: Position 3 system position .................................................................................................. 58 
Figure 4-10: Position 3 Accelerations of wireless and cable in linear model ....................................... 59 
Figure 4-11: Position 3 Estimated accelerations of wireless and cable in linear model ....................... 59 
Figure 4-12: Position 4 system position ................................................................................................ 61 
Figure 4-13: Position 4 Accelerations of wireless and cable in linear model ....................................... 62 
Figure 4-14: Position 4 Estimated accelerations of wireless and cable in linear model ....................... 63 
Figure 4-15: Position 5 system position ................................................................................................ 65 
Figure 4-16: Position 5 Accelerations of wireless and cable in linear model ....................................... 66 
 IX 
 
Figure 4-17: Position 5 Estimated accelerations of wireless and cable in linear model ....................... 66 
Figure 4-18: Position 6 system position ................................................................................................ 68 
Figure 4-19: Position 6 Accelerations of wireless and cable in linear model ....................................... 69 
Figure 4-20: Position 6 Estimated accelerations of wireless and cable in linear model ....................... 70 
Figure 4-22: Position 1 Estimated accelerations of wireless and cable in nonlinear model ................ 73 
Figure 4-24: Position 2 Estimated accelerations of wireless and cable in nonlinear model ................ 75 
Figure 4-26: Position 3 Estimated accelerations of wireless and cable in nonlinear model ................ 77 
Figure 4-28: Position 4 Estimated accelerations of wireless and cable in nonlinear model ................ 79 
Figure 4-30: Position 5 Estimated accelerations of wireless and cable in nonlinear model ................ 81 
Figure 4-32: Position 6 Estimated accelerations of wireless and cable in nonlinear model ................ 83 
Figure 4-33: Position 1 Evolution of estimated errors in linear model ................................................. 85 
Figure 4-34: Position 2 Evolution of estimated errors in linear model ................................................. 86 
Figure 4-35: Position 3 Evolution of estimated errors in linear model ................................................. 87 
Figure 4-36: Position 4 Evolution of estimated errors in linear model ................................................. 88 
Figure 4-37: Position 5 Evolution of estimated errors in linear model ................................................. 89 
Figure 4-38: Position 6 Evolution of estimated errors in linear model ................................................. 90 
Figure 4-39: Position 1 Evolution of estimated errors in nonlinear model .......................................... 91 
Figure 4-40: Position 2 Evolution of estimated errors in nonlinear model .......................................... 92 
Figure 4-41: Position 3 Evolution of estimated errors in nonlinear model .......................................... 93 
Figure 4-42: Position 4 Evolution of estimated errors in nonlinear model .......................................... 94 
Figure 4-43: Position 5 Evolution of estimated errors in nonlinear model .......................................... 95 
Figure 4-44: Position 6 Evolution of estimated errors in nonlinear model .......................................... 96 
Figure 5-1: Testing the error modelling of IMU wireless communication in physical environment ... 102 
Figure 5-2: Position in axis X. X (measured) shows the position X without error modelling. X 
(estimated) shows the position X using error modelling. ................................................................... 102 
 X 
 
Figure 5-3: Position in axis Y. Y (measured) shows the position Y without error modelling. Y 























  ABSTRACT 
 
This thesis presents the design and test of a wireless sensor mounted inertial navigation 
system. The innovative, low-cost and effective inertial measurement unit is based on 
three- axis accelerometer with USB and the serial direct interface. The accelerometer 
has connectors on both side of the module for control and communication. Wireless 
sensor, Bluetooth, has been mounted on the inertial navigation system to facilitate 
communications. By using this solution, it is possible to monitor and update the data of 
the accelerometers wirelessly and synchronously. The collected wireless data are 
analysed and compared with the data from other sources, such as USB cable, to 
determine errors in the system. The work discusses issues related to the accelerometer 
system technology, demonstrate application and process experiment. Particular 
consideration is given to the development of wireless technology and to a new micro-
electro-mechanical accelerometer system test facility. 
 
The main contributions of this thesis are as follows: 
 
• Development of a wireless inertial measurement unit 
• Development of an error model 
• Implementation of this inertial measurement unit into a gyro-free inertial 
navigation system
